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The	amino	acid	sequence	 for	human	CD89	was	retrieved	 from	the	NCBI	website	and	used	as	 the	query	sequence	 for	BLAST	searches	against	Ovis	aries	and	Capra	hircus	protein	 sets.	Two	sequences	 from	O.	aries	 and	 one
sequence	from	C.	hircus	were	retrieved.	Both	of	the	retrieved	sequences	for	O.	aries	were	identical	apart	from	a	deletion	of	12	amino	acids	from	position	12	–	–23;	this	was	presumed	to	be	prediction	error	from	the	algorithm	used	to

























































and	dividing	by	 the	standard	deviation.	Five	models	were	examined:	compound	symmetry,	a	 first	order	autoregressive	model,	a	Toeplitz	model,	a	model	 that	combined	compound	symmetry	with	 first	order	autoregression	and	an
unstructured	covariance	model.	The	values	for	Bayes	Information	criterion	were	1663.4,	1664.4,	1668.2,	1667.6	and	1656.3	respectively.	Again	the	unstructured	model	had	the	lowest	BIC.
The	 final	 repeated	measures	model	 fitted	 the	 effect	 of	 the	 eosinophil	 and	 IgA	 responses	 on	body	weight.	 The	 analysis	modelled	 body	weight	 on	month	 of	 sampling,	 eosinophilia	 and	 IgA	 activity	 and	 their	 interactions.	A














Species August September October
Teladorsagia	circumcincta 93 90 92
Trichostrongylus	spp. 7 10 8
Table	2	shows	the	mean,	standard	deviation	and	minimum	and	maximum	values	for	FEC	in	the	three	months	of	sampling.	The	mean	values	were	relatively	low	in	August	and	October	(about	200	epg)	but	the	mean	was	15	times




Variable	(unit) Mean Standard	Deviation Minimum Maximum
FEC	August
(epg)
213 332 0 2025
FEC	September
(epg)
3240 3124 0 13850
FEC	October
(epg)
177 409 0 3300
PCV	August
(%)
26.5 4.1 13.5 37.0







25.3 3.5 12.5 33.0
IgA	activity	August
(Anti-L3	OD)
0.68 0.25 0.09 1.13
IgA	activity	September
(Anti-L3	OD)
0.69 0.23 0.08 1.23
IgA	activity	October
(Anti-L3	OD)
0.50 0.22 0.04 1.15
Eosinophilia	August
(Cells	/	ul	blood)
1542 689 0 3175
Eosinophilia	September
(Cells	/	u/μl	blood)
1798 910 118 4917
Eosinophilia	October
(Cells	/	u/μl	blood)
1303 904 6 3797
Body	weight	August
(kg)
16.0 4.1 7.5 29.5
Body	weight	September
(kg)
17.8 4.7 8.5 35.0
Body	weight	October
(kg)










parameters:	the	mean	( )	and	an	index	(	 )	of	overdispersion	where	the	variance	=	 =  .	The	parameter	 was	estimated	by	maximum	 likelihood	with	 the	genmod	procedure.	 In	August,	September	and	October,	 was
estimated	as	4.96,	3.61	and	58.46	respectively.	In	all	three	months,	 was	significantly	different	from	zero	indicating	overdispersion	and	that	the	Poisson	distribution	is	not	a	good	description	of	the	data.
PCV	 were	 unimodal	 and	 approximately	 symmetrical	 in	 all	 three	 months.	 Shapiro-–Wilk	 tests	 indicated	 that	 the	 distributions	 were	 not	 significantly	 different	 from	 a	 normal	 distribution	 in	 August	 (p = 0.122),	 September
(p = 0.748)	and	October	(p = 0.063).











FECA FEC	S FECO PCVA PCVS PCVO IgAA IgAS IgAO EOA EO	S EOO BWTA BWTS
FECS -−.08
FECO -−.08 .09
PCVA -−.17 .20 .02
PCVS -−.17 .04 .04 .46**
PCVO -.05-−.05 −.16 .08 .27** .28**
IgAA -.03.16.07.01-.09-−.03 .16 .07 .01 −.09 −.08
IgAS -−.04 .05 .16 .08 .00 -−.02 .46**
IgAO -−.07 .08 .09 .13 .01 -−.07 .40** .46**
EOA .11 -.05-.07.09.00-.15-.18*-.08-−.05 −.07 .09 .00 −.15 −.18* −.08 −.04
EOS -.17-.08-.09.13.11-−.17 −.08 −.09 .13 .11 −.01 .03 .01 .01 .05
EOO .11 -.05.08-.02-.16-.16.10-.08-.07.03-.03BWTA-−.05 .08 −.02 −.16 −.16 .10 −.08 −.07 .03 −.03
BWTA −.34** .10 .01 .25** .37** .08 -.21**-.07-.07.00.10-.10BWTS-.36**-−.21** −.07 −.07 .00 .10 −.10
BWTS −.36** −.04 .02 .26** .41** .21** -.26**-.03-.09-.18*.01-−.26** −.03 −.09 −.18* .01 −.16* .83**






















faecal	 egg	 count	 and	 PCV	were	 correlated	with	 body	weight	 on	 at	 least	 three	 occasions,	 a	 parasite	 index	was	 created	 by	 adding	 together	 standardised	 PCV	 and	 faecal	 egg	 count.	 As	 before,	 the	 variables	were	 standardised	 by
subtracting	the	mean	from	each	observation	and	dividing	by	the	standard	deviation.	In	this	model	the	month	of	sampling	was	associated	with	differences	in	body	weight	(p < 0.001)	but	not	the	parasite	index	(p = 0.204).	A	similar
repeated	measures	analysis	for	body	weight	fitted	 just	month	of	sampling,	faecal	egg	count	and	their	 interaction.	The	effect	of	month	was	significant	(p < 0.001)	but	not	the	effect	of	 faecal	egg	count	(p = 0.181)	or	the	 interaction
between	month	and	faecal	egg	count	(p = 0.107).
The	final	repeated	measures	analysis	modelled	body	weight	on	month	of	sampling,	eosinophilia	and	IgA	activity	and	their	interactions.	There	were	significant	effects	of	month	of	sampling	(p < 0.001),	the	interaction	of	month


































responsible	authorities	where	the	work	was	carried	out.	 If	accepted,	 tThis	article	will	not	be	published	elsewhere	 in	 the	same	form,	 in	English	or	 in	any	other	 language,	 including	electronically	without	 the	written	consent	of	 the
copyright	holder.
5.	Acknowledgements
This	study	was	supported	by	the	Ministry	of	Higher	Education	Malaysia	and	Universiti	Malaysia	Kelantan	in	the	forms	of	scholarship,	bench	fees	and	emoluments	but	did	not	have	any	additional	role	in	the
study	design,	data	collection	and	analysis,	report	writing,	decision	to	publish,	or	preparation	of	the	manuscript.	We	would	also	like	to	acknowledge	the	Moredun	Institute,	Edinburgh,	Scotland	for	the	T.	circumcincta	L3
used	in	this	study.
Appendix	A.	Supplementary	data
Supplementary	material	related	to	this	article	can	be	found,	in	the	online	version,	at	doi:https://doi.org/10.1016/j.vetpar.2018.10.014.10.1016/j.vetpar0.2018.10.014.
References
Amarante	A.F.T.,	Bricarello	P.A.,	Huntley	J.F.,	Mazzolin	L.P.	and	Gomes	J.C.,	Relationship	of	abomasal	histology	and	parasite-specific	immunoglobulin	A	with	the	resistance	to	Haemonchus	contortus	infection	in	three	breeds	of
sheep,	Vet.	Parasitol.	128,	2005,	99–107.
Bishop	S.,	Bairden	K.,	McKellar	Q.,	Park	M.	and	Stear	M.,	Genetic	parameters	for	faecal	egg	count	following	mixed,	natural,	predominantly	Ostertagia	circumcincta	infection	and	relationships	with	live	weight	in	young	lambs
Anim.	Sci.	63,	1996,	423–428.
Boag	B.,	Hackett	C.A.	and	Topham	P.B.,	The	use	of	Taylor’s	power	law	to	describe	the	aggregated	distribution	of	gastro-intestinal	nematodes	of	sheep,	Int.	J.	Parasitol.	22,	1992,	267–270.
Coop	R.L.,	Graham	R.B.,	Jackson	F.,	Wright	S.E.	and	Angus	K.W.,	Effect	of	experimental	Ostertagia	circumcincta	infection	on	the	performance	of	grazing	lambs,	Res.	Vet.	Sci.	38,	1985,	282–287.
de	la	Chevrotière	C.,	Bambou	J.C.,	Arquet	R.,	Jacquiet	P.	and	Mandonnet	N.,	Genetic	analysis	of	the	potential	role	of	IgA	and	IgE	responses	against	Haemonchus	contortus	in	parasite	resistance	of	Creole	goats,	Vet.	Parasitol.
186,	2012,	337–343.
Dunsmore	J.D.,	Effect	of	whole-body	irradiation	and	cortisone	on	the	development	of	Ostertagia	species	in	sheep,	Nature	192,	1961,	139–140.
Gordon	H.M.	and	Whitlock	H.V.,	A	new	technique	for	counting	nematode	eggs	in	sheep	faeces,	J.	C.	Sci.	Ind.	Res,	Australia	12,	1939,	50–52.
Great	Britain.	Ministry	of	Agriculture,	Fisheries	and	Food	of	Great	Britain.	(1986).	 (The	author	is	Ministry	of	Agriculture,	thus	the	sequence	of	this	reference	need	to	be	alphabetically	sorted	to	'M'.	)Manual	of
veterinary	parasitological	laboratory	techniques	418.	HM	Stationery	Office.
Greer	A.W.,	Trade-offs	and	benefits:	implications	of	promoting	a	strong	immunity	to	gastrointestinal	parasites	of	sheep,	Parasite	Immunol.	30,	2008,	123–132.
Halliday	A.M.,	McAllister	H.C.	and	Smith	W.D.,	Kinetics	of	the	local	immune	response	in	the	gastric	lymph	of	lambs	after	primary	and	challenge	infection	with	Teladorsagia	circumcincta.,	Parasite	Immunol.	32,	2010,	81–90.
Henderson	N.G.	and	Stear	M.J.,	Eosinophil	and	IgA	responses	in	sheep	infected	with	Teladorsagia	circumcincta.,	Vet.	Immunol.	Immunopathol.	112,	2006,	62–66.
Hoste	H.,	Sotiraki	S.,	Landau	S.Y.,	Jackson	F.	and	Beveridge	I.,	Goat-nematode	interactions:	think	differently,	Trends	Parasitol.	26,	2010,	376–381.
Hoste	H.,	Torres-Acosta	J.F.J.	and	Aguilar-Cabellero	A.J.,	Nutrition-parasite	interactions	in	goats:	is	immunoregulation	involved	in	the	control	of	gastrointestinal	nematodes?,	Parasite	Immunol.	30,	2008,	79–88.
Huntley	J.F.,	Patterson	M.,	Mackellar	A.,	Jackson	F.,	Stevenson	L.M.	and	Coop	R.L.,	A	comparison	of	the	mast	cell	and	eosinophil	responses	of	sheep	and	goats	to	gastrointestinal	nematode	infections,	Res.	Vet.	Sci.	58,	1995,
5–10.
Kelley	L.A.,	Mezulis	S.,	Yates	C.M.,	Wass	M.N.	and	Sternberg	M.J.E.,	The	Phyre2	web	portal	for	protein	modeling,	prediction	and	analysis,	Nature	Protocols.	Protoc.	10,	2015,	845–858.
Le	Jambre	L.F.	and	Royal	W.M.,	A	comparison	of	worm	burdens	in	grazing	merino	sheep	and	angora	goats,	Aust.	Vet.	J.	52,	1976,	181–183.
Mandonnet	N.,	Aumont	G.,	Fluery	J.,	Arquet	R.,	Varo	H.,	Gruner	L.,	Bouix	J.,	Tien	Vu	and	Khang	J.,	Assessment	of	genetic	variability	of	resistance	to	gastrointestinal	nematode	parasites	in	Creole	goats	in	the	humid	tropics,	J.
Anim.	Sci.	79,	2001,	1706–1712.
Marx	J.	and	Vergouwen	P.,	Packed-cell	volume	in	elite	athletes.,	The	Lancet	352,	1998,	451.
McBean	D.,	Nath	M.,	Kenyon	F.,	Zile	K.,	Bartley	D.J.	and	Jackson	F.,	Faecal	egg	counts	and	immune	markers	in	a	line	of	Scottish	Cashmere	goats	selected	for	resistance	to	gastrointestinal	nematode	parasite	infection,	Vet.
Parasitol.	229,	2016,	1–8.
McRae	K.M.,	Stear	M.J.,	Good	B.	and	Keane	O.M.,	The	host	immune	response	to	gastrointestinal	nematode	infection	in	sheep,	Parasite	Immunol.	37,	2015,	605–613.
Miller	H.R.P.,	The	protective	mucosal	immune	response	against	gastrointestinal	nematodes	in	ruminants	and	laboratory	animals,	Vet.	Immunol.	Immunopathol.	6,	1984,	167–259.
Murphy	L.,	Eckersall	P.D.,	Bishop	S.C.,	Pettit	J.J.,	Huntley	J.F.,	Burchmore	R.	and	Stear	M.J.,	Genetic	variation	among	lambs	in	peripheral	IgE	activity	against	the	larval	stages	of	Teladorsagia	circumcincta,	Parasitology	137,	2010
1249–1260.
Paterson	D.M.,	Jackson	F.,	Huntley	J.F.,	Stevenson	L.M.,	Jones	D.G.,	Jackson	E.	and	Russel	A.J.F.,	The	Response	of	Breeding	Does	to	Nematodiasis:	Segregation	into	“Responders”	and	“Nresponse	of	breeding	does	to	nematodiasis:
segregation	into	“responders”	and	“non-responders”,	Int.	J.	Parasitol.	26,	1996a,	1295–1303.
Paterson	D.M.,	Jackson	F.,	Huntley	J.F.,	Stevenson	L.M.,	Jones	D.G.,	Jackson	E.	and	Russel	A.J.F.,	Studies	on	Caprine	Responsiveness	to	Nematodiasis:	Segregation	of	Male	Goats	into	Responders	and	Ncaprine	responsiveness	to
nematodiasis:	segregation	of	male	goats	into	responders	and	non-responders,	Int.	J.	Parasitol.	26,	1996b,	187–194.
Seaton	D.S.,	Jackson	F.,	Smith	W.D.	and	Angus	K.W.,	Development	of	immunity	to	incoming	radiolabelled	larvae	in	lambs	continuously	infected	with	Ostertagia	circumcincta.,	Res.	Vet.	Sci.	46,	1989,	241–246.
Smith	W.D.,	Jackson	F.,	Jackson	E.	and	Williams	J.,	Age	immunity	to	Ostertagia	circumcincta:	comparison	of	the	local	immune	responses	of	4	1/2	and	10	month-old	lambs,	Journal	of	Comparative	Pathology.	Comp.	Pathol.	95,	1985,
235–245.
Smith	W.D.,	Jackson	F.,	Jackson	E.,	Williams	J.	and	Miller	H.R.P.,	Manifestations	of	resistance	to	ovine	ostertagiasis	associated	with	immunological	responses	in	the	gastric	lymph,	Journal	of	Comparative	Pathology.	Comp.	Pathol.
94,	1984,	591–601.
Stear	M.J.,	Bairden	K.,	Bishop	S.C.,	Gettinby	G.,	McKellar	Q.A.,	Park	M.,	Strain	S.A.J.	and	Wallace	D.S.,	The	processes	influencing	the	distribution	of	parasitic	nematodes	among	naturally	infected	lambs,	Parasitology	117,	1998,
165–171.
Stear	M.J.,	Bishop	S.C.,	Doligalska	M.,	Duncan	J.L.,	Holmes	P.H.,	Irvine	J.,	McCririe	L.,	McKellar	Q.A.,	Sinski	E.	and	Murray	M.,	Regulation	of	egg	production,	worm	burden,	worm	length	and	worm	fecundity	by	host	responses	in
sheep	infected	with	Ostertagia	circumcincta.,	Parasite	Immunol.	17,	1995,	643–652.
Stear	M.J.,	Bishop	S.C.,	Henderson	N.G.	and	Scott	I.,	A	Key	Mechanism	of	Pathogenesis	in	Sheep	Infected	with	the	Nematode	Tkey	mechanism	of	pathogenesis	in	sheep	infected	with	the	nematode	t (Need	to	italicise	the	species	names
(Teladorsagia	circumcincta)	and	also	restore	the	capital	T	of	Teladorsagia	in	this	reference.	Remove	the	lower	case	't')Teladorsagia	circumcincta.,	Anim	Health	Res	Rev.	Health	Res.	Rev.	4,	2003,	45–52.
Stear	M.J.,	Fitton	L.A.,	Innocent	G.T.,	Murphy	L.,	Rennie	K.	and	Matthews	L.,	The	dynamic	influence	of	genetic	variation	on	the	susceptibility	of	sheep	to	gastrointestinal	nematode	infection,	J	R	Soc.	R.	Soc.	Interface	4,	2008,
767–776.
Stear	M.J.,	Henderson	N.G.,	Kerr	A.,	McKellar	Q.A.,	Mitchell	S.,	Seeley	C.	and	Bishop	S.C.,	Eosinophilia	as	a	marker	of	resistance	to	Teladorsagia	circumcincta	in	Scottish	Blackface	lambs.,	Parasitology	124,	2002,	553–560.
Strain	S.A.J.,	Bishop	S.C.,	Henderson	N.G.,	Kerr	A.,	McKellar	Q.A.,	Mitchell	S.	and	Stear	M.J.,	The	genetic	control	of	IgA	activity	against	Teladorsagia	circumcincta	and	its	association	with	parasite	resistance	in	naturally	infected
sheep.,	Parasitology	124,	2002.
Urban	J.F.,	Katona	I.M.,	Paul	W.E.	and	Finkelman	F.D.,	Interleukin	4	is	important	in	protective	immunity	to	a	gastrointestinal	nematode	infection	in	mice,	Proceedings	of	the	National	Academy	(USA)	88,	1991,	5513–5517.
van	Egmond	M.,	Damen	C.A.,	van	Spriel	C.A.,	Vidarsson	G.,	van	Garderen	E.	and	van	de	Winkel	J.G.J.,	IgA	and	the	IgA	Ffc	receptor,	Trends	Immunol.	22,	2001,	205–211.
Appendix	A.	Supplementary	data
The	following	are	Supplementary	data	to	this	article:
Multimedia	Component	1
Multimedia	Component	2
Multimedia	Component	3
Multimedia	Component	4
Multimedia	Component	5
Multimedia	Component	6
Multimedia	Component	7
Multimedia	Component	8
Multimedia	Component	9
Multimedia	Component	10
Multimedia	Component	11
Highlights
• IgA	and	eosinophil	are	less	repeatable	in	goats	than	sheep	in	nematode	infection.
• IgA	and	eosinophil	have	positive	associations	with	faecal	egg	counts	in	goats.
• Structural	model	suggests	that	IgA	receptor	on	eosinophils	is	dysfunctional	in	goats.
Queries	and	Answers
Query:	Your	article	is	registered	as	a	regular	item	and	is	being	processed	for	inclusion	in	a	regular	issue	of	the	journal.	If	this	is	NOT	correct	and	your	article	belongs	to	a	Special	Issue/Collection	please
contact	j.hurley@elsevier.com	immediately	prior	to	returning	your	corrections.
Answer:	Yes,	this	is	correct.	The	article	is	registered	as	a	regular	item.	
Query:	country	name	added	kindly	check
Answer:	This	is	correct.
Query:	The	author	names	have	been	tagged	as	given	names	and	surnames	(surnames	are	highlighted	in	teal	color).	Please	confirm	if	they	have	been	identified	correctly.
Answer:	Basripuzi	is	the	surname	of	the	first	author.																		Salisi	is	the	surname	name	of	the	second	author.	The	rest	of	the	surnames	are	correct.	
Query:	Please	check	the	sorting	sequence	of	References	for	"de	la	Chevrotière	et	al.,	2012"
Answer:	The	sorting	sequence	is	correct.
Query:	Please	check	the	sorting	sequence	of	References	for	"van	Egmond	et	al.,	2001"
Answer:	The	sorting	sequence	is	correct.	
• Goats	appear	to	lack	effective	IgA	and	eosinophil	responses	against	nematodes.
